Whenever the visual stream is abruptly disturbed by eye movements, blinks, masks or 12 flashes of light, the visual system needs to retrieve the new locations of current targets and 13 to reconstruct the timing of events in order to straddle the interruption. This process may 14 introduce position and timing errors. We here report that very similar errors are seen in 15 human subjects across three different paradigms when disturbances are caused by either 16 eye movements, as is well known, or, as we now show, masking. We suggest that the 17 characteristic effects of eye movements on position and time -spatial and temporal 18 compression and saccadic suppression of displacement -are consequences of the 19 interruption and the subsequent reconnection and are seen also when visual input is 20 masked without any eye movements. Our data show that compression and suppression 21 effects are not solely a product of ocular motor activity but instead can be properties of a 22 correspondence process that links the targets of interest across interruptions in visual 23 input, no matter what their source.
. the probe stimulus (see Figure 1A ). In the "Different" condition, the probe and anchor were 140 presented with opposite orientation (-45, 45 deg). In the different condition the comparison 141 bar was shown with the same orientation as the probe stimulus. An adaptive staircase Saccade trials started with a fixation period. After 1000 ms plus a random delay between 0 149 and 500 ms, an anchor stimulus was shown that had the same features as in fixation trials. 150 Subjects had to perform a saccade to the center of the anchor as soon as it appeared. At 151 various times around saccade onset a probe stimulus was presented for 16.6 ms. The 152 probe was presented in the same spatial position as in fixation trials. After the execution of 153 the saccade, subjects had to report the perceived probe position with a mouse cursor 154 which appeared 500 ms after probe onset. Subjects were instructed to click in the bottom 155 right corner of the screen in case they had not seen the probe. Saccade trials were tested 156 in Same (identical orientation of anchor and probe, 4464 trials in total) and Different
Temporal compression
Participants 161 Five different subjects (three females and two males, including one author, mean age: 32 162 years) participated in the fixation trials and seven subjects (five females and two males, 163 including one author, mean age: 30 years) in the saccade trials. All subjects had normal or 164 corrected-to-normal vision and participated with informed consent. The experiments were 165 carried out following the principles laid down in the declaration of Helsinki. Figure 1B ). Subjects were required to maintain their gaze at 177 the fixation point throughout the trial. After 1000 ms plus a random delay between 0 and 178 500 ms a bar (red rectangle, size: 31.8 x 0.8 deg, luminance: 32.5 cd/m 2 ) was presented 179 horizontally centered on the screen and 10 deg above the screen center for 16.6 ms. The 180 bar was followed by a blank interval with a constant duration of 100 ms in all trials. At the 181 end of the interval, a second bar (same features as first bar) was shown for 16.6 ms also 182 horizontally centered but 10 deg below screen center. A whole-field random texture was 183 presented for 50 ms at various times around that interval (-200, -150, -50, 50, 100 ms 184 relative the temporal center of the interval). After the second bar, a blank field was shown.
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After 2000 ms another pair of bars was presented (same features and durations as the first 186 pair of bars). The interval between the two bars in the second pair varied from trial to trial 7 (between 16.6 and 215.8 ms in 7 steps, constant stimuli). Subjects had to indicate by 188 pressing the left or right arrow key whether the first or second interval appeared shorter.
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The bars were presented either with the Same or Different orientations. In the same A trial started with the presentation of a fixation point at the screen center (see Figure 1C ). Visibility control trials followed the same procedure as fixation trials except that no blank 254 trials were run and participants were not asked to judge the displacement on a given trial 255 but whether the two target bars had the same (right arrow key) or different orientation (left 256 arrow key). 
Results

283
Spatial Compression 284
In order to test spatial compression without eye movements we asked subjects to hold 285 their gaze steadily on a fixation point throughout the whole trial (see Figure 1A ). After a 286 variable delay (1000-1500 ms) an anchor bar was shown in the periphery until the end of When probe stimuli were presented close in time to the mask onset, strong mislocalization 306 was seen towards the anchor position (indicated by the black line at 0 deg). The observed 307 pattern of mislocalization is very similar to that found in saccade trials (shown in Figure 2B ) 308 where localization was again veridical long before and after saccade onset but was 309 strongly mislocalized towards the anchor position when probe stimuli were presented close 310 in time to saccade onset. The magnitude of mislocalization was reduced when the probe 311 and anchor had different orientations in both the fixation (shown in Figure 2C ) and 312 saccade conditions (shown in Figure 2D ) compared to the trials when probe and anchor 313 had the same orientation (Figure 2A and B ).
We calculated a compression index by taking the difference between two values (for each 315 of the five probe positions): the average position from the first bin long before mask or 316 saccade onset minus the average position at the time of mask or saccade onset. This 317 difference was divided by the physical distance between anchor and probe and these 318 indices for the 5 probe positions were then averaged. In this average index, 100% means 319 complete mislocalization of the probe towards the anchor and 0% means no 320 mislocalization. This index was first calculated for each subject and before averaging 321 across subjects. In the mask condition, there was larger mislocalization when the anchor 322 and probe had the same orientation than when they had different orientations (shown in 323 Figure 2E ). In the saccade condition, mislocalization was again larger for same 324 orientations than for different orientations of the probe and anchor. A two-way ANOVA 325 revealed that the mislocalization was larger in the same as opposed to the different 326 orientation condition (df=1, F=15.25, p=0.005). Mislocalization between the mask and 327 saccade conditions did not differ significantly (df=1, F=5.01, p=0.055). Critically, there was 328 no significant interaction effect between the orientation and the mask/saccade condition 329 (df=1, F=0.57, p=0.471). Mislocalization was significantly greater than 0 in all cases (t 330 tests: all p<0.025). To check whether the difference in the response modality in the fixation 331 and the saccade trials (localization relative to a bar vs mouse pointing) had any influence 332 we ran fixation controls, in which three subjects reported the perceived bar position with a 333 mouse pointer. All three subjects showed significantly stronger compression when the bars 334 had the same rather than the different orientation (bootstrapped t-tests for the three 335 subjects: p=0.002, p=0.021, p<0.001).
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Although there was no statistical difference between the compression indices, the shape of 337 the compression curves between the fixation and the saccade conditions differed: While 338 the curves in the saccade condition had a sharp peak around saccade onset ( Figure 2B 339 and D), the curves in the fixation condition peaked for the whole duration of mask 340 presentation (0-50 ms, Figure 2A and C). We had chosen a 50 ms interval for the 341 presentation of our mask to mimic the approximate duration of the effects of the retinal 342 displacement in the saccade conditions. Reduced sensitivity caused by a visual event, the 343 saccade, can be categorized as masking (e.g. Castet et al., 2001) . In this sense, the 344 reduced sensitivity, "saccadic suppression", during a specific time interval can also be 345 achieved by masks without eye movements. However, other than that, we did not try to 346 equate our mask to specifics of saccades (e.g. the velocity profile). Note further that for However, the interval between the onsets of the two bars of the second pair varied from 361 trial to trial and subjects were instructed to report which interval appeared shorter.
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In the fixation condition when stimuli had the same orientation (see Figure 3A , purple 363 curve), the perceived duration was almost veridical when the interval center (i.e., the 364 midpoint between the first and second bar presentations) was -150 ms, i.e., before mask 365 onset. However, when the center of the interval between the two bars appeared 366 simultaneously with the mask, the apparent duration decreased. Long after the mask, the 367 interval duration was overestimated. When the orientations of the two bar stimuli were 368 different (see Figure 3A , orange curve), the apparent duration of the interval was close to 369 veridical when the interval was before or during the mask. As for the same-orientation 370 stimuli, an overestimation was observed when the interval was presented long after the 371 mask. In the saccade condition (see Figure 3B ) the misperception of the interval began 372 earlier than in the fixation condition. When the stimuli had the same orientation (purple 373 curve) and the interval was shown 300 ms before the saccade, the apparent duration was of the interval was seen over this period. Saccades initiated after the interval produced an 381 overestimation. 382 We calculated a temporal compression index by subtracting the apparent interval duration 383 that occurred when the center of the interval was simultaneous with mask or saccade 384 presentation from the apparent interval duration when the interval was long before the 385 mask or saccade. We then divided this difference by 100 ms, the actual interval duration. 386 This index was first calculated for each subject and then averaged across subjects. In this 387 average index, 100% means complete compression of the interval, i.e., the two bars were Figure 3C ). In the saccade condition, compression was seen when stimuli had the same All three effects, i.e., spatial and temporal compression as well as displacement 472 suppression have previously been proposed to be specific to the execution of a saccade. 473 However, here we show that all three occurred at comparable strengths in the mask 474 conditions without eye movements and in the saccade conditions. The results have 475 several important implications: First, since the combination of a mask and an anchor 476 stimulus can produce the effects, it seems plausible to suggest that the saccade also 477 causes the spatial and temporal misperceptions due to its masking effect on the visual 478 input stream. Second, the effects, rather than being specific to the oculomotor system, 479 constitute a more general mechanism that modulates perception across discontinuities in 480 the visual scene. Third, all effects, except fixational displacement suppression, showed a 481 dependence on the correspondence between probe and anchor stimuli, thus suggesting 482 that the compression and suppression effects are properties of an active matching 483 mechanism that tries to establish object continuity across space and time.
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In particular, we see these effects as properties of a process that matches corresponding interpreted as a diminished interstimulus duration, compressing the apparent time interval 520 between them. Consistent with this interpretation we saw that time compression depended 521 on object similarity. But other stimulus-specific factors might also induce changes in the 522 perception of interval duration: Some authors suggest that durations are estimated based 523 on a reference activity, like a neural clock, that is triggered by transient stimulus 524 information (Buhusi and Meck, 2005) . Consequently, when transient information of one of 525 the stimuli is degraded by a saccade or mask, the neural clock may weight its onset time 526 by transient information of the second stimulus, thus reducing apparent interval duration. 527 We saw an overestimation of the interval when it was presented slightly after saccade We have based our proposal of a common source for fixation and saccade effects on the 587 similarity of results for the two conditions. We acknowledge that this similarity is not strong 588 evidence in support of a common process. Indeed, the pattern of results for the two 589 conditions do differ in time course (Experiment 1 and 2) and sensitivity (Experiment 3) so 590 we cannot rule out the possibility that there is a contribution of the oculomotor system 591 beyond the simple masking effect of the saccade. It may also be true that the differences 592 in results between the saccade and mask conditions might be because the masking 593 effects of saccades differs in many ways from the masking effect of our random noise 594 fields. As mentioned before, the masking effects of saccades may stem from just the 595 retinal image motion (Castet et al., 2001) ., but on top there might be an active mechanism 
